Abstract. The effects of excessive reactant consumption on the ignition of a combustible solid are introduced through a revised scaling of the heat release constant. Large activation energy asymptotics then yields a new one-parameter integral equation governing the temperature evolution near ignition. Analysis of the integral equation reveals a critical value of the parameter which distinguishes between the cases of ignition and nonignition.
1. Introduction. The purpose of this paper is twofold: first, to derive an integral equation which accounts for the effect of reactant consumption during the ignition of a combustible solid; second, to determine the properties of the solution to that integral equation so as to establish a criterion for nonignition due to excessive consumption of the reactant.
Lifian and Williams [ 1 first employed an asymptotic approach based upon large activation energy to derive an integral equation governing the ignition of a reactive solid. More recent work by Kapila [2] , Olrnstead [3] and Lasseigne and Olmstead [4] has extended and generalized the results of 1 ]. The assumed scaling of the parameters in [1]- [4] has been such that the amount of reactant remains constant (at least asymptotically to leading order) while thermal runaway progresses. Thus, even for a significant generalization of the problem as in [3] , it is found that the Lifian-Williams integral equation emerges as the appropriate description of the transition stage leading to ignition. The inherent mathematical feature of this integral equation is that its solution becomes unbounded at finite time, thereby signalling the achievement of ignition.
In order to have enough reactant consumed to inhibit ignition, it is necessary to introduce a different scaling of the parameters than that used in [1]- [4] . Under this adjusted scaling, it will be shown that large activation energy asymptotics yields a one-parameter integral equation which is new to ignition theory. Analysis of this integral equation will reveal that its solution dramatically changes character at a critical value of the parameter. Below the critical value, the solution has a singularity analogous to that of the Lifian-Williarns equation. Above the critical value no such singularity exists, which indicates that most of the reactant has been consumed without producing sufficient heat to sustain a thermal runaway. [5] , as well as in [4] . 
The inert stage results (2.4) cease to be valid as 0 nears unity. Since 0i attains its maximum value at x 0, an appropriate choice for the critical time tc near which the reaction term becomes significant is given implicitly by
It is assumed here that there exists a t > 0 that satisfies (2.7); and, if there is more than one, the minimum value is used. In [4] it has been demonstrated that, to allow for various extreme cases of physical interest, the critical time t need not necessarily be of order unity in e. Thus it is appropriate to consider (2.8) tc ekto, where to is O(1) with respect to e. Here k may be positive, negative or zero, and it is clearly linked to whatever scaling is specified for a.
Following the inert stage is the transition stage where the reaction term is no longer exponentially small. Since the reaction term first becomes significant near (x, t)--(0, t), it is appropriate to introduce new independent variables (2.9) x e, tc + e'r ekto+ e'r, where, for the proper ordering of the time scale, it must be assumed that (2.10) k<l.
The scaling of r is crucial to the effect of reactant consumption. In terms of this stretched time, (1.2) can be expressed as It is the singular behavior of (3.6) which is interpreted as the achievement of ignition.
For A > 0, the solution of (3. /r(a3) [1 -/r()] e -<).
A key result of the above analysis is that -> as A --> .Theimplicationi s that ignition can be indefinitely delayed by making A sufficiently large. The fact that this is true, not just for A --> o, but also for A near unity, has been verified numerically and will be discussed later.
An asymptotic analysis of (3.2) will be carried out for two different scenarios. The first assumes that u-->a3 as r/--> r/*(A)< , while the second assumes that u remains bounded for all r/< c. Each of these assumed scenarios leads to a self-consistent determination of the asymptotic behavior of u. The decision as to which scenario Io e()--s--ds < c.
Then, utilizing results from [6] and [7] on the asymptotic solution of nonlinear Volterra integral equations, it follows from (3.22) that as t9 (3.26) v(p)-C e "* Vv(h e Io),log p + o(log p).
Comparison of (3.23) and (3.26) yields (3.27) C1 v/[2 e n*F(h e n*Io)].
Thus, under the assumed behavior, it is found that as 7 -*(h) < , (3.28) u(B)=-log(B*-B)-B*-log[(E/)F(h en*I)]+o(1).
The actual value of B*= B*(A) must be determined numerically.
Under the second scenario, u remains bounded for all B < .I t is then assumed that as B , A Then, by again utilizing the results of [6] and [7] , it follows from (3. Tables 1 and 2. A check on the accuracy of the algorithm is provided by the agreement between the value of r/*(0) given in Table 2 = e-X.
Then the outer expansion of 0 as expressed by (2.26) becomes (4.10) 0= Ot(e"-tX, t + e'z)+ edo(X, z)+. 
